Background. To establish mortality rates, causes of death,
bly, the introduction of bicarbonate buffer replacing rate (MR) was 1.57/100 patient-years, and the standardized Nevertheless, detailed information about the longmortality rate (SMR) was 31.0. The MR for patients 0 to 5 and 6 to 10 years old at onset of ESRD decreased from, respecterm outcomes of RRT in children is lacking. Previous tively, 7.0 (range 0-14.9) to 3.9 (1.2-6.7) and 4.3 (1.1-7.5) to studies on morbidity and mortality in these children have 1.6 (0.3-2.8) between the periods 1972-1981 and 1982-1992. relatively short follow-up times, show only crude and
The mortality hazard ratio of relatively long standing dialysis incomplete registry data, or describe isolated groups of and of long standing hypertension were, respectively, 7.2 (4.4-11.8) and 3.1 (2.1-4.6), of cyclosporine-introduction in transtransplanted children or children on dialysis [2-9]. Thereplanted patients 0.3 (0.1-0.4). Overall cerebrovascular accifore, we conducted a national retrospective and prospecdents (24%) and infections (21%) were the most common tive cross-sectional study to evaluate the Late physical, causes of death; after 10 years of RRT cardiac death (7/21) social and psychological Effects of Renal InsuffiCiency was most prevalent. Cardiovascular death was most prominent patients who started RRT after 1971 were included. Patients who started RRT after 1991 were excluded in  2002 by the International Society of Nephrology order to have at least a (potential) follow-up period of vember 1, 1998 and the August 1, 2000. In living patients the day of review was considered the day of the end of six years. We focused on the effects of childhood ESRD when these patients had reached adulthood. Therefore, the study for that particular patient. We attempted to localize all emigrated patients, and requested medical a cohort of patients was formed who had reached, or in the event they had died, should have reached, adulthood information from their current physician. Categorization of causes of death. Four classification as defined as aged older than 18 years at the time of the study. The LERIC cohort comprised all Dutch patients systems were use to define causes of death into categories: the American Health Care Financing Administrawho had started chronic RRT between 1972 and 1992 at age less than 15 years, and who were born before tion and the European Dialysis and Transplantation lists, a list used by Tozawa et al, and our own LERIC classifi-1979. Patients in whom renal function recovered within four months after commencing dialysis were excluded.
cation system [4, 10, 11] . Causes of death were categorized independently by three reviewers (J.W.G., M.P.G., Preemptive transplanted patients were included. Data on gender, date of birth, initiation of RRT, and date of and M.O.). After assessment of interobserver variability for each classification system, the results were compared death of all the patients who fulfilled the inclusion criteria were provided by the National Dutch Registry of and consensus was achieved. For this latter purpose, we used the guidelines of the International Classification of patients on RRT (RENINE, Rotterdam, The Netherlands). RENINE, founded in 1985, is the Dutch source of Diseases of the World Health Organization [12] . Peritonitis without preceding intestinal pathology is a the European Dialysis and Transplantation Association. The completeness approaches 100% as registration is complication that in ESRD patients almost exclusively appears in patients on peritoneal dialysis. There is enough compulsory for reimbursement of RRT.
To estimate the unbiased mortality rates for all age evidence that the open connection to the peritoneal cavity is the most important factor leading to peritonitis. groups, we enlarged the LERIC cohort with those patients who were excluded from the LERIC-study because Therefore, death by peritonitis was categorized as a "complication of treatment" and not as an "infection." they were to young, that is, those born after 1979. The list of these patients was also provided by RENINE.
Determinants of mortality. Data were collected on the total duration of hemodialysis, peritoneal dialysis and This extended cohort, termed as "the total cohort," consequently consisted of all Dutch patients who had started transplantation, primary renal disease, year and age at initiation of first RRT, age at death, modality of RRT RRT between 1972 and 1992 at ages 0 to 14 years.
When the RENINE data on the LERIC-cohort were at time of death, the burden of hypertension and the use of EPO and immunosuppressive therapy. The observacompared with the data from all of the medical centers, it turned out that the RENINE data on date of birth, tion period for all variable determinants lasted from the first day of RRT until the day of chart-review. The total start of RRT and death were very accurate, but that information about cause of death was lacking. For this duration of RRT, hemodialysis, peritoneal dialysis and transplantation was expressed in days. Hypertension was reason the total cohort data were used only to describe mortality while the LERIC cohort data were used to scored as follows: the mean blood pressure per three months was calculated from all documented blood presdescribe cause of death and the relationships between mortality rates and determinants. sure values and recorded on file. In hemodialysis patients the mean of pre-and post-dialysis blood pressure was The health statistics of the Health and Welfare Department of Statistics Netherlands (Centraal Bureau voor used to calculate the three-month period mean. Over periods of uneventful follow-up after transplantation in Statistiek, Voorburg, The Netherlands) were used to calculate standardized mortality rates.
which patients were controlled less frequently than once per three months, the mean value of two subsequently Data collection recorded blood pressure values was presumed to represent the mean blood pressure of the three-month period Logistics. Patients who started RRT before 1985 are registered retrospectively in the RENINE database. The lying in between these measured blood pressures. All eventful periods since onset of RRT over which data accuracy of data on these patients was checked by comparing RENINE data with the databases of all four could not be obtained were excluded from evaluation and recorded as missing patient-years. Hypertension was Dutch centers for pediatric dialysis and kidney transplantation, and with the databases of all centers for adult defined as both systolic and diastolic blood pressure above the 95th percentile for age, in accordance with dialysis and transplantation.
Members of the LERIC team (J.W.G., M.P.G., J.H., the Task Force on Blood Pressure in Children [13] . The total number of periods of hypertension and normal H.C., B.D., J.vdM., A.vdG.) visited 37 hospitals in the Netherlands in order to collect all available information blood pressure were recorded. Since follow-up time varied between individual paon the cause of death in all LERIC patients. To achieve this goal, all medical charts were reviewed between Notients, the effects of hypertension and dialysis on out-come were analyzed as follows. For each patient a ratio sus transplantation, and of hypertension and supportive therapy during the observation period. Dialysis as a risk of total number of blood pressures with values above the 95th percentile divided by the total number of blood factor compared to transplantation was analyzed in two ways: firstly as the RRT mode at the end of the study pressures with values below the 95th percentile, was calculated. Patients with a ratio of more than one were period (that is, at the time of death or in August 2000) and secondly by comparing total duration of dialysis categorized as patients with a "relatively long standing" hypertension. Thus, a patient with "a relatively long versus transplantation in both groups of surviving and deceased patients. Hemodialysis and peritoneal dialysis standing" hypertension had a more days of RRT with a blood pressure above the 95th percentile than days with were analyzed separately by comparing total peritoneal dialysis-and hemodialysis-time in surviving and dea blood pressure below the 95th percentile. The mean mortality rates of these patients were compared with ceased patients. Continuous variables were transformed into dichotomous variables for the calculation of incithose with a ratio of less than one. The same technique was used for analysis of the relationship with mortality of dence rate ratios: patients with a total dialysis duration that exceeded the total time with a functioning graft dialysis versus transplantation and hemodialysis versus peritoneal dialysis. Thus, patients with a "relatively long were compared with those with the inverse situation. The same approach was used for hemodialysis versus standing" period of dialysis were considered those who had more days of RRT on dialysis than days living with transplantation, peritoneal dialysis versus transplantation, hemodialysis versus peritoneal dialysis and hypera functioning renal graft. In the same way we defined "a relatively long standing period" of hemodialysis by tension versus normal blood pressure. The effect of the introduction of cyclosporine, ATG and OKT3 as new the ratio of total hemodialysis time over total peritoneal dialysis of more than one.
immunosuppressive therapy was analyzed in all patients who were ever transplanted in patients with RRT as The medical ethics committees of all participating centers approved the study design.
last RRT, and in patients with at least five years of transplantation as RRT.
Statistical analysis
The SPSS 9.0 program was used for all statistical calculations (SPSS Inc., Chicago, IL, USA). The mortality rate (MR) was expressed as the number of deaths per 100 patient years on renal replacement therapy. The standardized mortality rate (SMR) was de-RESULTS fined as the MR for a certain age group in a certain year Total cohort and LERIC cohort divided by the expected mortality for the same age group and year. MR was calculated separately for different age
The total cohort consisted of 381 patients. Formation of the LERIC cohort revealed that from groups during two different periods of initiation of RRT, before and after 1982.
the RENINE database, 251 patients matched the inclusion criteria. Verification using the local databases of all We used Kaplan-Meier analysis to calculate survival probabilities.
the participating centers revealed that one patient was mentioned twice, and three patients did not match the The effect of change in dialysis techniques, transplant protocols and supportive therapy over time on causes of inclusion criteria. Reviewing the databases of all dialysis and transplantation centers elicited two additional padeath was analyzed by comparing the death rates of patients who started renal replacement therapy between tients. Therefore, the definite LERIC cohort consisted of 249 subjects. According to the RENINE registration 1982 and 1991 and of those who started RRT between 1972 and 1981.
seven patients had been lost to follow-up. On our verification, six of these patients were still alive and one paThe associations of gender, age at initiation of renal replacement therapy, and the time period of initiation tient had died. Also, initially it appeared that in 43 of 63 deceased patients the cause of death was "unknown," of RRT with outcome were analyzed in the total cohort as well as the LERIC cohort. All other determinants but we were able to establish all causes of death except one. were analyzed in the LERIC cohort.
The Cox proportional-hazards model was used to estiFor all of the LERIC patients we recorded a total of 3870 patient-years, covering the entire period from the mate the relative mortality risk for several determinants. These determinants had been established at the beginonset of renal RRT until August 2000 or time of death, with 81 patient years missing and with an average followning of the observation period and included gender, age at initiation of RRT, period of RRT onset (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) up of 15.5 years per patient. Of all 249 patients 231 were transplanted at least once. vs. 1982-1992), and primary disease. We calculated mortality incidence rate ratios for determinants whose status
The mean total RRT, transplantation, hemodialysis, and peritoneal dialysis time were 16.0 years (range 0.3-could only be established at the end of follow-up. These latter determinants include total duration of dialysis ver-31.1), 11.7 years (range 0-29.9 years), 3.3 years (range Standardized mortality rate (SMR) is the observed age-specific mortality rate divided by the expected mortality rate in the general Dutch population. a Age at onset of renal replacement therapy 0-25.6), and 0.8 years (range 0-14.7 years), respectively. patients who died with a functioning renal graft, 4 (16%) died within 31 days and 6 (24%) with four months after Transplantation had been performed twice in 118 patients, three times in 38 patients, and four times in 8 transplantation. patients. Patients changed from therapy-modality (that Mortality risk factors and causes of death is, dialysis or functioning graft) between one to nine times during the study period. Of the 249 subjects only
The risk ratios with respect to overall mortality of a relatively long period of dialysis and relatively long two never had been treated with dialysis, while 18 patients never had been transplanted. standing hypertension were 7.2 (95% CI, 4.4-11.8) and 3.1 (95% CI, 2.1-4.6), respectively. In patients with at Main characteristics of both total cohort and LERIC cohort are given in Table 1. least one transplantation episode, the use of cyclosporine was associated with a mortality risk of 0.3 (95% CI, Mortality 0.1-0.4). Cumulative incidence ratios and Cox regression hazard ratios of these and other mortality risk factors Of the 381 patients comprising the total cohort, 85 had died. The total follow-up period was 7 to 28 years.
are presented in Table 3 . Table 4 shows the cause-specific death rates among The overall Mortality Rate was 1.57 per 100 patientyears. The mean SMR was 31 for the entire period and all subjects. The data of one patient who died in 1974 were unrecoverable. Official cause of death in two pa-39.2 for the period 1972-1992; it decreased from 72.4 between 1972 and 1981 to 29.4 between 1982 and 1992 tients was "cardiac arrest." One of them, who underwent an otherwise uncomplicated chronic hemodialysis treat-( Table 2 ). The SMR and age-group specific MR for three time periods are summarized in Table 2 . Overall, five-, ment, died suddenly at home after a short moment of acute chest pain and shortness of breath. The other paten-and twenty-year survival rates after RRT onset were 87, 82 and 78%, respectively. Five-and ten-year survival tient died of acute asystole during a hemodialysis session. No heart-threatening electrolyte disturbances were rates increased from 81% and 79% in the 1972-1981 period, respectively, to 89% and 85% in the [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] found and an autopsy of the patient revealed no evidence for embolism or cerebrovascular bleeding. Therefore, period (Fig. 1) .
Of the 249 patients comprising the LERIC cohort, the conclusion was that an acute arrhythmia (in one established), secondary to left ventricular hypertrophy, 63 had died, 25 with a functioning graft, 31 while on hemodialysis, and 7 on peritoneal dialysis. Of the 25 would have been responsible for the death of these pa- tients. For this reason we categorized these patients as compared to 4.4% in the group of patients with a relatively short period of hypertension (RR 2.5; 95% CI "cardiovascular deaths." Cardiovascular diseases, infections, cessation of treat-1.0-6.7). Of the patients with a relatively long period of dialysis, 17.8% died of cerebrovascular accidents comment, malignancies and complication of treatment accounted for 41%, 21%, 11%, 10% and 8% of all deaths, pared to 1.1% (RR 15.7; 95% CI 3.6-67.7) of those with a relatively short period of dialysis. respectively. Of all 15 patients who died of a cerebrovascular accident, 11 (73.3%) were treated with hemodialyThere was a decline in the relative number of deaths by cardiovascular disease and by complication of treatment sis, one (6.7%) with peritoneal dialysis, and three (20%) had a functioning renal graft at time of death. Of the six over time. The risk of cardiovascular death among the group who commenced RRT after 1981 was 0.4 (range patients with a renal graft who died within four months after transplantation, five died of infection and one of 0.2-1), relative to the group who commenced treatment between 1972 and 1981. Twenty out of 144 RRT patients intestinal hemorrhage.
Within the first ten years of RRT 42 patients who were (13.4%), who started between 1972 and 1981, died of cardiovascular disease, compared to 6 out of 100 patients, followed for 2177.7 years at risk (ϭ 1.93/100 patientsyears) died, compared to 21 patients in the period after who started RRT after 1981. No differences were found in mean age at the start of RRT or median time on RRT ten years of RRT who were followed for 1660.76 years (ϭ 1.26/100 patient-years). In the former group cerebrovasbetween both groups. No deaths due to complication of treatment or "other causes" were seen in the group who cular accidents and infection (both 11/42 ϭ 26%) were the most prominent causes of death. In patients who commenced RRT after 1981 (Table 5 ). In 38 patients who died while undergoing chronic dialdied after ten years of RRT, cardiac death (7 of 21 ϭ 33%) was most common. ysis treatment, death was caused by cardiovascular disease in 45%, and by infection, cessation of treatment, and Of the total patients with a relatively long period of hypertension, 11.1% died of cerebrovascular disease complication of treatment each in 13%. Cardiovascular diseases (36%), infection (28%) and malignancies (20%) introduction of cyclosporine was associated with a significant reduction in mortality rate in all transplanted were the most common causes of death in patients who patients. Cardiovascular diseases, especially cerebrovasdied with a functioning renal graft. cular accidents, accounted for more than 40% of all deaths, as well in dialysis patients and in transplanted DISCUSSION patients. Improvement of treatment over time resulted In this cohort study all Dutch patients with juvenile in a reduction of cardiovascular deaths and death caused ESRD were followed for at least eight years. Overall by direct complications of treatment. mortality in this group with chronic RRT was more than
We used the RENINE data of the total cohort to 30 times higher than in age-and gender-matched Dutch calculate the mortality rate, since the accuracy of the youngsters. Half of all the deceased patients died within RENINE data on the mortality of the LERIC data was four years after initiation of RRT. Although overall sur-97%. The observed overall mortality rate of 1.57 per 100 vival was higher in patients who started with RRT after patient years is somewhat lower than reported in the 1981, this accounted only for patients with onset of RRT mid nineties by Reiss et al [7] and by the American under the age of ten. Onset of RRT at young age, a USRDS in children, which was 2.0 per 100 patient-years relatively long dialysis period, systemic and metabolic in children on renal replacement therapy between 0 and primary diseases, and a relatively long period of hyper-19 years [2, 14] . This difference could be explained by the longer follow-up period in the current study, since tension were associated with an increased mortality. The the median of time between initiation of RRT and death ward an increase in cardiac deaths after ten years of RRT. The fact that no reduction in lethal infections was was only 3.7 years. The cumulative survival of 82% is comparable with other reports [6, 9, 15, 16 ]. To our seen over time is compatible with other recent reports [2, 3, 7] , and is a continuing concern for the future. knowledge, until now no data on standardized morality rates in patients with juvenile end-stage renal disease A relatively long duration of hypertension was associated with a threefold death rate. The percentage of have been reported.
The observed 24% cumulative incidence of lethal cerebrovascular deaths was more than twice as high in the hypertension-group, compared to patients with a relcerebrovascular accidents in the LERIC cohort was much higher than that reported by the USRDS (6%) atively short period of hypertension. As far as we know, there are no data on the impact of hypertension on surand Reiss et al (2%) [3, 8] . The discrepancy with the American data could partly be explained by the high vival in children with ESRD. It seems obvious that hypertension is a predictor of cardiac death in patients with percentage of missing causes in the USRDS database [2, 3, 10]. As was to be expected from data from studies in ESRD, since it is well established that left ventricular hypertrophy correlates with cardiac mortality, as well as adults with ESRD, in our study the balance tended to-with the severity of hypertension [17] . Nevertheless, most it would not influence the stabilization of the mortality we found in the age group 11 to 15 years, nor would it studies in adults show no or only a weak direct relationship between malignant hypertension and mortality in change the persistent high SMR we found. dialyzed patients [18] [19] [20] . Charra et al found that the We believe that this long-term study provides a comsurvival of dialyzed patients with a mean arterial presplete and rather accurate picture on mortality and causes sure above 99 mm Hg was inferior to the survival of of death in children on renal replacement therapy. No those with a mean arterial pressure below 99 mm Hg patients were lost to follow-up, and data about the cause [21] . Yet other data from studies in adult hemodialysis of death were lacking for only one patient, who died in patients suggest that abnormally high (Ͼ180 mm Hg) as the early seventies. well as abnormally low systolic blood pressures (Ͻ110
In conclusion, although the survival in children with mm Hg) are associated with decreased survival [11, 22] .
end-stage renal disease has increased over the last 20 Low systolic blood pressures in older dialysis patients years, the standardized mortality rate remains high. could reflect the poor ventricular function in advanced Early transplantation and a more aggressive approach cardiac disease and might therefore be related to cardiac toward hypertension and infection may be mandatory mortality, whereas in younger patients the impact of in order to reduce mortality. hypertension on fluid overload and ventricular hypertrophy might prevail [17, 23] . Our data are consistent with ACKNOWLEDGMENTS this latter theory, and imply that a more vigorous thera- derive from the fact that children with ESRD who were E-mail: j.w.groothoff@amc.uva.nl not accepted for chronic RRT were not included in the analysis. Since we know that in the eighties more children REFERENCES under the age of 10 years were accepted for RRT (per- clining mortality over time in this age group. However,
